We used data from the University of Michigan Radio Astronomy Observatory (UMRAO) at three different bands (4.8 GHz, 8 GHz, and 14.5 GHz) to calculate the radio spectral index and the averaged polarization in a sample of 92 flat spectrum radio quasars (FSRQs). We analyzed the relationship between the polarization and other physical parameters for these objects. The results show that: 1) the polarization and its variability at high radio frequencies are higher than those at lower frequencies, 2) the degree of linear polarization is correlated with the radio spectral index, suggesting that the synchrotron mechanism is responsible for the radio emission, 3) the polarization is correlated with the core-dominance parameter for those objects for which this parameter is known, which suggests that relativistic beaming could explain some polarization characteristics of FSRQs, and 4) the polarization and flux density variabilities are correlated. These results are similar to those found for RBLs in our previous work (Fan et al. 2006) . However, the distributions in the averaged polarization and the spectral index in FSRQs are different from those in RBLs.
Introduction
Blazars form an extreme subclass of Active Galactic Nuclei (AGNs), showing high and variable luminosity, superluminal motions in their radio components, high -ray emission, high polarization, etc. (e.g., Aller et al. 1992 Aller et al. , 1999 Aller et al. , 2003 Andruchow et al. 2005; Angel & Stockman 1980; Cellone et al. 2007; Ciprini et al. 2007; Efimov et al. 2002; Fan et al. 1996 Fan et al. , 2004a Fan 2005a, b; Gabuzda 2003; Gupta et al. 2004; Romero et al. 1999 Romero et al. , 2002 Sambruna et al. 2000; Wills et al. 1992) . The blazar group consists of two subclasses: BL Lacertae objects (BLs) and flat spectrum radio quasars (FSRQs). BLs display violent variability on different time scales ranging from hours to years at frequencies from the radio to -rays (see Fan 2005b) . The emission of BLs is believed to originate in a relativistic jet oriented very close to the line of sight. These objects are dominated by a broad, featureless continuum (Urry & Padovani 1995) . The relativistic jet is thought to be responsible for the extreme observational properties (e.g., Jannuzi et al. 1994) . BLs can be further divided into X-ray selected BLs (XBLs) and radio-selected BLs (RBLs) or low-energy-cutoff BL Lacertae objects (LBLs), high-energy-cutoff BL Lacertae objects (HBLs) according to the location of the synchrotron peak in their spectral energy distributions (SEDs). FSRQs include highly polarized quasars (HPQs), optically violent variable quasars (OVVs), and core-dominated quasars (CDQs). The observational properties of the BLs are quite similar to those of the FSRQs, except for their emission line properties. The FSRQs show email:jhfan cn@yahoo.com.cn strong emission lines, whereas BLs show weak emission lines, or even no emission line at all. The observational properties of these two types of sources and their possible relationship has drawn much attention in recent years. There are some proposals, including gravitational enhancement, coreboosted emissions, environmental and evolutionary effects, etc, aimed at explaining their relationship. However, as mentioned in some previous studies (Fan 2002 (Fan , 2003 , any proposal in this sense should explain the similarity in the continuum and the difference in the emission lines between BLs and FSRQs.
In the radio bands, monitoring programs provide good ground for investigating the radio properties. These properties could shed some light on the emission mechanism, and even on the relationship between BLs and FSRQs. Based on the the UMRAO data base, Aller et al. (1992 Aller et al. ( , 2003 investigated the statistical behavior of the flux and the linear polarization of AGNs, as well as the relation between different radio bands for the Pearson-Readhead sample. The present paper is the second article in a series. In the first paper (Fan et al. 2006) , we considered the radio-polarization properties of BLs. In this paper, we mainly look at the properties of the radio polarization of FSRQs based on UMRAO data base, and compare the results with the sample of RBLs that we published in our previous article.
The structure of the paper is as follows: in section 2 we calculate the average polarization and the variability of the linear polarization for the FSRQs sample. In section 3, we provide some discussions, and then close with a brief conclusion in section 4. Logarithm of the core dominance parameter-log R. References for R, here F03 is Fan and Zhang (2003) , G93 is Ghisellini et al. (1993) , and W92 is Wills et al. (1992) .
Data and Results
Based on the UMRAO data base, we obtained a sample of 92 FSRQs. For this sample we extracted the following information.
Radio Spectral Index
Blazars generally show a flat and inverted radio spectrum. However, it is not easy to obtain a typical spectral index for a given source, since the flux is variable. Here, we calculated the spectral index,˛(F / ˛) . We used the averaged flux densities at the three available frequencies (4.8 GHz, 8 GHz, and 14.5 GHz). The detailed process was as follows:
for sources with densely sampled data, we averaged the data every week, whereas for those with sparsely distributed data, we averaged the flux densities every month. Therefore, we could obtain N sets of data for each source using the time bins (a time bin is one week for the densely sampled data sources and one month for the sparsely sampled data sources). Each set had three pairs of flux densities for the corresponding frequencies; then, for the i -th set we fit the three pairs of data using a linear regression to obtain the spectral index,˛i . Afterward, we used the averaged value, Σ˛i =N , as an estimator of the spectral index,˛, for a particular source. The results are listed in table 1.
From table 1, we obtained 0:62 Ä˛Ä 1.45 with an averaged value of h˛i = 0.20˙0.42. We performed a Kolmogolov-Smirnov (K-S) test on the FSRQ-sample of the present paper and on the RBL-sample of our recent paper (Fan et al. 2006) . The K-S test indicates that the confidence level for the spectral index distributions of both RBLs and FSRQs to be from the same parent population, and is 2.4 10 3 (see figure 1 ).
Radio Polarization
High and variable polarization is one of the observational properties of blazars. To revisit the polarization characteristic of FSRQs, we obtained the maximum polarization of each source and calculated the averaged polarization based on the observational data sample. The procedure was as follows. At each frequency for each source, we chose the observed maximum polarization value as the maximum polarization at the corresponding frequency, and calculated the averaged value of the whole polarization series as the averaged polarization. The averaged polarization at frequency ( = 4.8, 8.0, and 14.5GHz) was weighted with errors as
where p i; is the observed polarization for the i -th observation, and i are the individual errors for the corresponding source. The average error is
Therefore, we have three maximum polarizations and three averaged polarizations (at 4.8, 8.0, and 14.5 GHz) for each source. Then, for the FSRQ-sample of the present paper, and the RBL-sample of Fan et al. (2006) , we calculated the averaged maximum polarization at frequency ( = 4.8, 8.0, and 14.5 GHz), P max = Σp
is the maximum observed polarization at frequency for the i -th source in the FSRQs and RBLs samples, and N is the number of sources in the FSRQs and RBLs samples. We had N = 92 and 38 in our FSRQ and RBL lists, respectively. The averaged-averaged polarization was also calculated as P aver = Σp For the averaged polarization at 8 GHz, a K-S test showed that the distribution of FSRQs and RBLs is from a common parent population at confidence level of 99.7% (see figure 2) .
For the averaged polarization and spectral index relation, we obtained the following results, P aver (%) = (1.48˙0.75)˛+(3.98˙0.31), p = 0.05, for the whole sample (see figure 3) . When we considered the FSRQs and RBLs separately, we obtained P aver (%) = (2.33˙0.83)˛+ (3.28˙0.38), p = 5.97 10 3 , for FSRQs, and P aver (%) = (0.89˙2.02)˛+(5.28˙0.54), p = 0.66, for RBLs.
These results indicate, for FSRQs, a trend of the polarization to increase with the spectral index.
From the theory of synchrotron emission, we showed that the polarization can be described as
where P 0 is a coefficient. In figure 4 , the sample of 92 FSRQs and 38 RBLs are plotted in the top and bottom panels, respectively, and synchrotronmodel curves are fitted. From the fitted curves in figure 4 we can see that 1) the polarization is correlated with the spectral index, showing that the polarization increases with the spectral index, and 2) the curves P / .˛+ 1/=.˛+ 5=3/ fit the points well, suggesting that this trend is consistent with a prediction by the synchrotron emission mechanism (see figure 4) . Wills et al. (1992) found that the polarization increases with the core-dominance parameter for blazars; a similar behavior was found for BL Lacertae objects in our previous work (Fan et al. 2006 ), where we showed that there is a relation between the core-dominance parameter and the polarization:
Core-Dominance Parameter
Here, Á is the ratio of the polarized emission, S p j , to the unpolarized emission, S up j , in the jets, i.e., S p j = ÁS up j (see Fan et al. 1997) . For a given Á, the theoretical relation of the polarization, depending on the core-dominance parameter, can be obtained. In the present work, we adopted Á = 0.03, 0.06, 0.13, and 0.25, respectively, and show the corresponding curves in figure 5 . Fig. 4 . Relation between the averaged polarization at 8 GHz and the radio spectral index for the whole blazar sample. The curves correspond to P 0 (%) = 4.5, 7, 12, and 20 from bottom to top.
Normalized Variability Amplitude
Blazars are variable over the whole electromagnetic spectrum. It is useful to use a parameter to characterize the variability amplitude. The normalized variability amplitude (NVA) is a parameter free of instrumental effects, and hence is very convenient for most purposes (Edelson et al. 1996) . It can be taken as an indication of the variability, and is defined as
where hX i is the averaged flux density at 8 GHz, tot is the standard deviation for the flux points, and err is the mean error level. From the UMRAO data base, we obtained the NVA and the standard deviation of the polarization, p , which is taken as the variability parameter of polarization (Fan et al. 2006) . p is shown in figure 6 . For a more accurate statistical analysis, we need a larger sample. At this stage, it is difficult to make any distinction with the NVA between FSRQs and RBLs.
Discussion
Blazars show extreme observational properties, including variable and strong emission, high and variable polarization and very high-energy radiation, reaching even TeV energies (in the case of some BLs). In the radio bands, the UMRAO provides a very good radio data base, from which we obtained a blazar sample of 92 FSRQs and 38 RBLs for a statistical analysis. It is obvious that the present blazar sample is not complete, but it is a large sample including 130 objects. The results based on this sample should be statistically interesting.
The present work shows that there is a trend for the averaged polarization to increase with the frequency in the radio range from 4.8 GHz to 14.5 GHz for FSRQs; the maximum polarization also shows a similar behavior. This behavior is quite similar to that found in RBLs (Fan et al. 2006) . However, RBLs have higher maximum polarization than FSRQs, on average. For the averaged polarization, RBLs also have higher averaged polarization than FSRQs, as shown in figure 2, which shows that the averaged distribution of RBLs is different than that of FSRQs. A similar thing happens to their spectral index distributions, as shown in figure 1, which indicates that the two spectral index distributions are from a common distribution at a confidence of 2.4 10 3 . In figure 13 of a paper by Aller et al. (2003) , a clear difference in their distribution of the averaged polarization for the FSRQs and BLs can be seen. Our result for the averaged polarization, based on a significantly larger sample, is consistent with results by Aller et al. (2003) . As for the spectral index, we found that from Aller et al. (1992 Aller et al. ( , 2003 , QSOs appear to have a different distribution from that of BLs. Our present result is consistent with theirs.
Concerning the polarization and the radio spectral index, we find that the averaged polarization is correlated with the spectral index as shown in figure 3 . The results shown in figure 4 suggest that the observational points are consistent with curves obtained from the synchrotron emission mechanism. In this sense, the radio emission in blazars should be from the synchrotron mechanism.
In order to analyze the polarization variability, we used the standard deviation, p . The p value can be taken as a good indicator of the variations in the degree of polarization (Fan et al. 2006) . In this sense, we found that the averaged polarization at 8 GHz is closely linearly correlated with the variability, p , as shown in figure 7 , where the line stands for the best fitting result, P aver .%/ = .0:93˙0:06/ p + .1:26˙0:26/;
(10) with a > 99% confidence level. This result suggests that the polarization is closely correlated with the polarization variability. This correlation is from the beaming model, since the polarization is associated with the beaming effect, and the variation is also from this effect (Fan et al. 1997) . From a plot of the NVA value vs. the polarization deviation, p , we find that the higher is the NVA value, the higher is p , as shown in figure 6 . From our previous work, we have P ob OER=.1+R/OEÁ=.1+ Á/ (Fan et al. 2006) . For a given Á, a theoretical relation of the polarization, depending on the core-dominance parameter, can be obtained. In figure 5 , we show a polarization vs. coredominance parameter plot. The core-dominance parameter is taken as an indication of a small jet viewing angle, and hence it is an indication of the presence of a beaming effect. For a strongly boosted source, the core-dominance parameter can be simply expressed as R = f ı p (Ghisellini et al. 1993) . In this sense, one can see clearly that: 1) the polarization is associated with the beaming effect and 2) for most sources, the value of Á is less than 0.25, suggesting that the polarization in the jet frame is less than 20%.
From the above discussions, we can say that the distributions of averaged polarization and the radio spectral indices in FSRQs are different from those in RBLs. However, there is no clear difference in their central black-hole masses (Fan 2005a) or in their physically meaningful periods for both types of sources (Fan et al. 2007 ). The similarities in the central black-hole masses and the period perhaps suggest that both subclasses have a similar central structure. The difference in the polarization perhaps indicates a difference in the beaming effect. In fact, the radio boosting factors found in FSRQs are larger than those in BLs (Ghisellini et al. 1993) .
Based on the UMRAO data base, we analyzed the radio polarization of FSRQs, and found that the averaged polarization depends on the frequency, the spectral index and the coredominance parameter. Those properties are similar to those of RBLs (Fan et al. 2006) . The degree of polarization is closely correlated with the polarization variability. For FSRQs and RBLs, we found that the distributions in the polarization and the spectral index are different.
